Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
SOEPpapers on Multidisciplinary Panel Data Research
A weighty issue revisited: the dynamic effect of body weight on earnings and satisfaction in Germany 
I Introduction
The global rise in obesity has stirred a large body of research, not only on the physiological consequences of obesity but also on its psychological burden and its effects in the labour market (Cawley, 2004; Puhl and Heuer, 2009 ). In the US, obese persons are more likely than those with normal weight to report day-to-day interpersonal discrimination. Carr and Friedman (2005) find that this difference is larger in higher socio-economic strata, and that perceived discrimination is an important factor in explaining lower self-acceptance among the obese. It is not so clear, though, whether the psychological burden works on top of the effect on labour market outcomes. The relationship may also be country-specific, due to cultural differences and different legal frameworks (Brunello and D'Hombres, 2007) .
We analyse the association of body mass index (bmi) with wages and satisfaction among German workers picking up the idea of country-specific differentials in the bmi-wage relationship. While bmi has clear limitations as a measure of central body fat (as muscle mass contributes even more to weight than fat mass), this information is now included in several surveys with detailed information on income.
In contrast to findings from the US (Averett and Korenman, 1996; Cawley, 2004; Baum and Ford, 2004) , previous studies on the causal relationship from bmi to wages have not found a weight penalty in the case of Germany (Cawley et al., 2005; Bozoyan and Wolbring, 2011) . Apart from differences in model specification, such a result may reflect a higher degree of regulation in the German labour market.
Compared to the US, the German labour market is often assumed to be rigid and inflexible (Nickell, 1997; Franz and Pfeiffer, 2006) . While previous studies on the effect of bmi on wages have used cross-sectional models or static panel data models, our dynamic panel model takes into account the possibility of earnings persistence, thus allowing the full adjustment of wages to take some time. Using panel data also allows us to filter out time-invariant heterogeneity across workers.
In the context of the effect of schooling on wages, Andini (2013a) has recently argued that static models might underestimate the full effect of schooling. Fur-thermore, Andini (2013b) provides a theoretical derivation of the dynamic form of a Mincer regression equation as the outcome of a wage bargaining model. In this context, bmi might be more important for younger workers since employers could regard weight gain as a signal for low productivity in the future (Pinkston, 2010) .
To be sure, this reasoning may not hold for very low levels of bmi, so non-linearity in the relationship should be accounted for by the regression model. However, most studies on the causal effect of bmi have assumed a linear relationship (Cawley, 2004; Baum and Ford, 2004; Brunello and D'Hombres, 2007; Bozoyan and Wolbring, 2011; Cawley et al., 2005) .
In case there really was a burden from weight on worker productivity and this burden was not absorbed by wages, one could speculate that other forms of discrimination-such as bullying-still play a role, possibly an even larger one. This could then show up in the form of greater disutility of labour (at given earnings) among workers who just became more chubby. This channel might explain the observation that happiness is a negative function of weight and that the strength of this relationship varies across countries (Katsaiti, 2012) . We address this channel by using indicators of satisfaction with life and satisfaction with work as additional outcome measures, again within a dynamic panel framework.
II Material and method
Our analysis is based on data from the German Socio-Economic Panel study (SOEP v28, 2012; Wagner et al., 2007) . Anthropometric information in this panel is selfreported and only available at biennial frequency, which is why we use two-year intervals in our analysis. While variables other than bmi are taken from odd years (2003, 2005, 2007, 2009, 2011) , the information on bmi refers to the respective preceding, even year. Several inclusion criteria were applied. We only consider employees aged 65 years or younger, who worked for at least 10 hours per week, and who earned a (nominal) hourly wage of at least 1 EUR. Observations with imputed anthropometric or wage data are excluded from the analysis, and we also disregard data on women who were-according to their fertility history-pregnant at the time of the anthropometric interview or who had given birth to a child shortly before.
The dependent variable in our wage regression is the natural logarithm of the deflated gross hourly wage. The models on satisfaction use either subjective wellbeing with life in general or with work as dependent variable. While these variables are measured on a Likert-type scale ranging from 0 (dissatisfied) to 10 (satisfied), we treat them as if they were metrical variables, similar to previous literature (e.g., Katsaiti, 2012) . Our explanatory variable of interest is bmi, defined as weight in kilograms divided by height in meters squared. In order to reflect a non-linear relationship, we also use the square of this variable. If anything, we would expect to find an inverse u-shape association, with an implied maximum in the healthy bmi range.
1 The resulting effective sample is not balanced but requires that information from at least three consecutive waves is available for a particular individual.
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For each outcome variable, we specify a separate dynamic regression equation of the form
where α i is a person fixed effect, x it contains control variables (including exogenous dummies for time), and ε it is an error term that needs to be uncorrelated over time. To be sure, substantial differences in initial bmi across people are absorbed by the fixed effect, so that identification of β 1 and β 2 rests only on the intra-personal variation in bmi over time. We believe that this cautionary approach is required to avoid omitted variable bias, because personality traits that we do not account for in the model-in particular self-control-may affect both a worker's bmi and the outcome variables.
In general, we believe that bmi is not exogenous but might react to shocks in income or happiness, respectively. Notice that by construction of our dataset, bmi it refers to the preceding year, and it should thus not be able to react to current shocks but only to past shocks. As a consequence, we treat bmi as a predetermined variable. This means that, within a GMM framework, the first lag (bmi i,t−1 ) can serve as an instrument for ∆bmi it in the difference equation (Cameron and Trivedi, 2005, p. 765) . Estimation is carried out with the System-GMM estimator that additionally considers a levels equation (Blundell and Bond, 1998) . Compared to a cross-sectional OLS specification, this model removes unmeasured time-invariant factors (unobserved heterogeneity), tackles potential endogeneity of bmi, and allows for a potentially sluggish adjustment of the outcome measure to its new equilibrium.
In search of a parsimonious specification, we only consider p ∈ {1, 2}, based on residual autocorrelation tests.
In the wage regression, we use years of schooling, years of actual labour market experience, and a dummy for East Germany as additional control variables, all of which are assumed to be exogenous. 3 Our models on subjective well-being incorporate earnings and the number of work hours (both in natural logarithm) as explanatory variables presumed to be predetermined. All other regressors are be-lieved to be exogenous. All estimations are stratified by gender. In order to account for the effect that bmi-as a potential signal for future productivity-might be of particular relevance for the wage of younger workers, we also consider sub-samples restricted to 'young' workers, defined as those with a labour market experience of 15 years or less. Descriptive statistics for all four sub-samples are depicted in Table   1 .
A possible limitation of our approach is that we require workers with several waves of data, which could imply sample selection issues. E.g. we do not model the probability that a high bmi could increase the risk of being jobless. In addition, we are unable to account for effects of bmi that occur when-or before-people enter the workforce, in particular schooling outcomes (Chen, 2012) . Hence, some of the effects of bmi might be obscured in our analysis as part of unobserved heterogeneity. Tables 4 and 5 in the Appendix).
III Results
While the autoregressive wage coefficient is statistically significant, it turns out to be relatively small. Thus, the model implies only modest wage persistence or small differences between effects in the short run and the long run. In the male young worker model, both bmi and its square turn out to be statistically significant. With a positive and negative sign, respectively, they imply an inverse u-shaped relationship.
However, the 'optimum bmi'-the value of bmi that maximizes earnings ceteris paribus-is only achieved at a bmi of 30 (Figure 1 a) ), i.e. at the threshold from 'overweight' to 'obesity'.
For female workers (in general) the maximum is reached at about the same bmi value, whereas the respective number is 'only' 27 (overweight) for young female workers (Figure 1 b) ). The relationship also seems to be stronger among young workers. Our estimates suggest that for a young female worker with a bmi of 20, an increase in bmi by one unit would be associated with an increase in wage by c. 2.3% 'on impact' (i.e. one year later). In the very long run, the predicted wage increase (due to a permanent bmi increase) amounts to c. 3.0%. 5 If we restrict the coefficient on bmi 2 to be zero, the coefficient on bmi becomes insignificant, which suggests that non-linearity should be taken into account (see Table 6 in the Appendix).
The results on subjective well-being differ between genders (Table 3) . Life satisfaction among male workers does not significantly react to changes in bmi, but for female workers the relationship is statistically significant. Once again, the optimum value is quite high, at a bmi near 29. Notice that these models already control for individual earnings. The bmi relationship among women need not accrue from discrimination as it could also reflect health-related concerns or limitations.
When work satisfaction is considered as outcome, we find the inverse u-shape again, but it is not statistically significant for women. For young male workers, however, it is statistically significant, with an implied optimum at a bmi of 29. That this effect works in addition to the effect on earnings hints at a subtle form of discrimination at the workplace. As was the case with the wage regression, the autoregressive coefficient (on y(t − 1)) is far below 1, so the difference between the effect on impact and in the long run is modest. Nonetheless it turns out as highly significant and thus points to a mild form of persistence in subjective well-being.
IV Conclusion
That a single notch of bmi can make a difference of (up to) 3% in hourly wage in the long run is quite a large effect. This result stands in contrast to earlier literature that did not find a significant effect of bmi on wages in Germany (Cawley et al., 2005; Bozoyan and Wolbring, 2011) . One reason may be be found in the more sluggish labour market in Germany (compared to the US) in the sense that there is earnings persistence. Our model accommodates for persistence, which is found to play a statistically significant-though economically only modest-role. In addition, our model allows bmi to exert a non-linear influence. To our knowledge, previous parametric approaches of modeling the non-linearity in this relationship considered bmi to be an exogenous variable (Greve, 2008) . The relatively high turning point (between overweight and obesity) is somewhat puzzling. Notice, though, that longevity also reaches its peak in the overweight category (Flegal et al., 2013) .
Our result could suggest that the movement from normal weight into the overweight category by a considerable share of the workforce does not jeopardize productivity.
Furthermore, our results underline the country-specific nature of the bmi-wage relationship (Brunello and D'Hombres, 2007) . In contrast to results for the US, we find evidence for a significant effect of bmi on earnings not only for female workers but also for young male workers (Averett and Korenman, 1996; Cawley, 2004; Baum and Ford, 2004) . For these young men we also document a remarkably similar relationship with work satisfaction when earnings are already controlled for. The mechanisms behind this relationship constitute an avenue for further research. 
